Left ventricular diastolic function is a broad term which refers to a group of complex processes which interact to determine the resistance to filling of the left ventricle.' Impairment in one or more of these processes may increase the resistance to filling and result in the need for raised filling pressures to maintain filling and cardiac output. Because of its complex and multifactorial nature "diastolic function" is difficult to assess in patients. Doppler echocardiography has emerged as a powerful non-invasive tool to assess the characteristics of left ventricular filling, producing insight into diastolic function and its effect on filling pressures. This section will review the multiple interrelated factors which affect diastolic function and how Doppler echocardiography can be used to assess diastolic filling of the left ventricle. The interpretation of the various Doppler filling velocity curves as well as the practical utility of Doppler in the assessment of filling pressures and prognosis will be discussed. Components of diastolic fimction Diastolic function of the left ventricle is dependent upon a sequence of multiple interrelated events. For simplistic purposes, diastole can be divided into two phases2: (1) the isovolumic relaxation phase (composed of rapid left ventricular pressure fall due to relaxation and elastic recoil) and (2) the filling phase (composed of continuing relaxation and elastic recoil, myocardial stiffness, ventricular interaction, and pericardial restraint) which can be further divided into the process of early rapid filling, the period of diastasis, and the period of atrial systole. Relaxation is an energy-requiring active process whereby calcium ions are removed from the cytoplasm against a concentration gradient allowing dissociation of the contractile complex.' Relaxation is mainly determined by cellular inactivation, loading conditions, and non-uniformity in the ventricle. shorter than its equilibrium length and elastic energy is stored in the myocardium. The stored energy which is released as relaxation starts contributes to left ventricular pressure fall and is referred to as elastic recoil or "suction". Depressed systolic function results in increased left ventricular end systolic volume and impaired elastic recoil.
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Left ventricular compliance is a passive function which indicates the distensibility of the chamber during filling of the left ventricle. As left ventricular compliance decreases, the slope of the left ventricular diastolic pressurevolume curve becomes steeper and there is a larger increase in diastolic pressure with any given filling volume. Left ventricular compliance is primarily determined by myocardial characteristics and load. Myocardial characteristics are altered in the presence of myocardial hypertrophy, ischaemia, fibrosis, or infiltration (that is, amyloid). Because the diastolic pressure-volume relation for any ventricle shows concave curvilinearity,' left ventricular "operant" compliance can be decreased as ventricular volume is increased even without changes in myocardial characteristics. Other variables which influence left ventricular compliance are ventricular interaction, pericardial restraint, and coronary vascular engorgement.' The cardiac chambers mechanically interact with each other and increases in right ventricular diastolic volume augment interventricular interaction and shift the left ventricular diastolic pressure-volume curve upwards. Pericardial restraint also shifts the diastolic pressurevolume curve upwards, and thus left ventricular diastolic pressure is increased at a given ventricular volume. An increase in coronary artery tugor reduces left ventricular compliance.
Clinical significance of diastolic dysfunction Recognition of the clinical significance of left ventricular diastolic dysfunction has emerged in the past 10 years. Impairment of diastolic function precedes systolic dysfunction in the progression of most cardiac diseases.67 Several studies have reported that 30-40% of patients with clinical symptoms of congestive heart failure have normal systolic function8-'0 and isolated diastolic dysfunction as a cause of heart failure is now well recognised. Furthermore, even in the presence of systolic dysfunction, the clinical symptoms of heart failure are influenced primarily by the degree of diastolic dysfunction."-"3 In patients with pure "diastolic heart failure" the therapeutic strategy may be Figure 3 Left atrial and left ventricular pressure tracings (LAP, LiVP) and transmitralflow velocity curves illustrating alterations in pressure tracings andflow velocity curves associated with relaxation abnormality, systolic dysfunction, and increased filling pressure. Relaxation abnormality slows the rate of relaxation with decreases in early diastolic transmitral pressure gradient and peak mitral E velocity and prolongation of isovolumic relaxation time. In such patients, the deceleration time of the mitral E velocity curve is unchanged or prolonged. To make up for decreasedfilling in the early diastolic phase, the contribution of atrial contraction is augmented by increased peak mitral A velocity. Additional systolic dysfunction causes an increase in left ventricular end systolic volume and decreased elastic recoil. Left ventricular minimal pressure (smal arrow) also increases and the early diastolic transmitral pressure gradientfurther decreases with a decrease in peak mitral E velocity. If these abnormalities are associated with raisedfiUing pressures, early diastolic transmitral pressure gradient increases with peak mitral E velocity. In such patients, isovolumic relaxation time and the deceleration time of mitral E velocity curve are shortened and peak mitral A velocity is decreased (that is, "pseudonormalised" or restrictive pattern). See legend tofig 1 for abbreviations. velocity curve will usually have a systolic forward flow slightly higher than the diastolic forward flow. There misleading42 (fig 4) . With pseudonormalisation of mitral E velocity, pulmonary venous diastolic flow velocity is increased. The systolic forward flow velocity is usually decreased with increased left atrial pressure. However, the systolic forward flow velocity may not necessarily be decreased in patients with preserved ventricular systolic function. Reflecting increased resistance to left ventricular filling at atrial contraction, pulmonary venous A velocity is increased and widened.324344 RESTRICTION TO FILLING As alteration in ventricular compliance and atrial pressures progresses, the mitral E velocity and E/A ratio increase further with marked decreases in the deceleration time and isovolumic relaxation time. This constellation of findings is referred to as a "restrictive pattern".22 30 Usually, the E/A ratio is more than 2-0 and the mitral deceleration time is less than 150 ms. Pulmonary venous diastolic flow velocity and pulmonary venous A velocity increase further with a further decrease in the systolic flow velocity.
PROGRESSION OF FLOW VELOCITY CURVES AND DISEASE STATES
Based on these observations, a simplified schematic diagram illustrating the progression of these flow velocity curves in disease states has been proposed45 ( fig 5) . These progressive changes have been clearly demonstrated in individual patients with cardiac amyloidosis. 46 The clinical significance of these curves has been verified in patients with other cardiac diseases by demonstrating that a "pseudonormal" or "restrictive" transmitral flow velocity curve indicates a poor prognosis." 47 with an ejection fraction of 22%. Raised left ventricular end diastolic pressure (LIVEDI associated with a decrease in peak pulmonary venous systolic flow velocity and increase peak pulmonary venous diastolic flow velocity and peak pulmonary venous A velocity. transmitralflow velocity curves, peak mitral E velocity is increased, the deceleration tin of mitral E velocity curve is shortened, and peak mitral A velocity is decreased. A comparison of transmitral and pulmonary venous flow velocity curves demonstrates tha the duration of the pulmonary venous A velocity curve is longer than that of the mitral velocity curve and that cessation of the pulmonary venous A velocity curve occurs later than that of the mitral A velocity curve as determined by reference to the R wave on th electrocardiogram. In a patient who has had serial assessmer transmitral filling velocity curves the prog sion of disease can usually be identified. instance, if an initial assessment revealed abnormal relaxation pattern, the occurr of a "normal" velocity curve would indi a "pseudonormal" pattern with raised fi pressures and worsening ventricular con ance. However, in a patient presenting for the first time with a normal transmitral flow velocity curve it is not easy to distinguish between a j "pseudonormal" transmitral flow velocity curve and a "normal" curve; additional information is 
